Because of the irreversibility of lesioning procedures and their possible side effects, we studied the efficacy of replacing bilateral anterior capsulotomy with chronic electrical capsular stimulation in patients with severe, long-standing, treatment-resistant obsessive-compulsive disorder. METHODS: We stereotactically implanted quadripolar electrodes in both anterior limbs of the internal capsules into six patients with severe obsessive-compulsive disorder. Psychiatrists and psychologists performed a double-blind clinical assessment. A blinded random crossover design was used to assess four of those patients, who underwent continuous stimulation thereafter.
O
bsessive-compulsive disorder (OCD) is a chronic psychiatric disorder with a worldwide lifetime prevalence of approximately 2 to 3% (3) . In spite of the development of effective pharmacological and behavioral therapies, a small proportion of patients with OCD remain totally resistant to state-of-the-art therapy. Some of these patients, who are extremely ill and severely incapacitated, meet the rigorous criteria for neurosurgical treatment (6, 15) .
Numerous clinical reports have substantiated that lesions produced with stereotactic neurosurgical techniques in the anterior limbs of the internal capsules may ameliorate chronic, incapacitating OCD symptoms (6, 12, 17) . This treatment carries a low risk of complications and side effects, but an obvious drawback is its irreversibility (11, 20) . Both electrical stimulation and lesioning of the ventral intermediate nucleus of the thalamus or the globus pallidus internus may alleviate symptoms in patients with Parkinson's disease (5) . The advantage of using chronic electrical stimulation over lesioning procedures is the potential for treatment optimization and the reversibility of eventual side effects.
In 1999, we showed that electrical stimulation of the anterior limbs of the internal capsules induced beneficial effects in a patient with treatment-resistant OCD during the first minutes after the initiation of stimulation (18) . On the basis of that finding, we tested the hypothesis that long-term bilateral electrical stimulation in the anterior limbs of the internal capsules may lead to long-term beneficial effects on the cardinal symptoms in such patients.
PATIENTS AND METHODS

Patient Selection
Six patients were selected by two committees for neurosurgery for psychiatric disorders according to strict selection criteria (6, 15) . Inclusion criteria required that a diagnosis of OCD of disabling severity be made on the basis of the Structural Clinical Interview in the Diagnostic and Statistical Manual of Mental Disorders: DSM-IV (1), with a Yale-Brown ObsessiveCompulsive Scale (Y-BOCS) score of at least 30/40 and a Global Assessment of Function score of 45 or less. This level of impairment should have persisted for a minimum of 5 years, despite adequate trials or intolerance to two selective serotonin reuptake inhibitors and clomipramine, augmentation strategies (i.e., antipsychotic medications), and cognitivebehavioral therapy. The patient had to be at least 18 years of age and no older than 60 years of age. He or she had to be able to understand and comply with instructions and provide their own written informed consent to be included in the study. Patients with a current or past psychotic disorder, any clinically significant disorder or medical illness affecting brain function or structure (other than motor tics or Gilles de la Tourette syndrome), or current or unstably remitted substance abuse were excluded. Comorbidity on Axis 1 was present: one patient had a somatoform disorder not otherwise specified, and two patients had major depression. The diagnostic criteria for histrionic and narcissistic personality disorder were fulfilled in one patient and for dependent personality disorder in two patients. Global assessment of functioning scores varied between 30 and 40 for all patients at the time of inclusion. The operations and the clinical evaluations were performed in Belgium (neurosurgery, University Hospitals of Leuven; psychiatry, University Hospital of Antwerp) and in Sweden (Karolinska Hospital, Stockholm).
Surgery
In one patient, two quadripolar electrodes (Model 3487A Pisces Quad; Medtronic, Inc., Minneapolis, MN) were stereotactically implanted into both anterior limbs of the internal capsules. In the other five patients, two quadripolar electrodes (Model 3887 Pisces Quad Compact, 4-mm contact spacing, 3-mm contact length; Medtronic, Inc.) were used. The stimulation targets in the internal capsules were similar to those used in the anterior capsulotomy (6, 13) (Fig. 1) . The stimulating contacts, numbered 1 and 2, were placed in the internal capsule, and contact 3 (the one farthest from the electrode tip) was sited dorsally to the internal capsule. Contact 0 was near to or in the nucleus accumbens. The stereotactic coordinates of the middle of the electrode tip in Patient 3 (i.e. the patient who had the best clinical result) were 3.5 mm anterior to the posterior border of the anterior commissure, 13 mm lateral on the right side, 14 mm lateral on the left side, and at the level of the horizontal anterior commissure-posterior commissure plane. We sought to implant both electrodes symmetrically through precoronal burr holes. In a coronal plane, we tried to have the electrodes sit in the white matter of the internal capsule to the extent possible, but contact 0 entered the gray matter at the bottom of the internal capsule. Prophylactic antibiotics were administered. The operations were performed with the patients under either general (n ϭ 4) or local (n ϭ 2) anesthesia, depending on the patient's choice. After performing magnetic resonance imaging in all patients and functional magnetic resonance imaging (fMRI) in one patient, the electrodes were connected to two implanted pulse generators (Itrel II, Synergy, or Kinetra; Medtronic, Inc.).
Electrical Stimulation and Experimental Design
During all evaluation sessions, the patients and the evaluating psychiatrists and psychologists were blinded to the stimulation condition. During the immediate postoperative screening phase, which lasted for some weeks or months, all patients underwent stimulation with the use of different stimulation amplitude, pulse width, and frequency as well as different contact combinations to determine the optimal stimulation parameters. The evaluation of relevant effects was time-consuming, and essentially all possible mono-, bi-, tri-, and quadripolar contact combinations were tested several times on different days with high and low frequency and high and low pulse width. We increased the amplitude slowly or quickly, sometimes up to 10.5 V. Every time, the effects were evalu- Four of the patients were then assessed in a blinded crossover manner (i.e., stimulator on for 3 months with initial plans to follow this period with the stimulator off for 3 months, or vice-versa, in random order, as determined by an independent person on the basis of a coin toss). In the stimulator-on condition, electrical stimulation was performed at a threshold level to achieve obvious acute reduction of obsessive thoughts, depression, and anxiety. Contact combinations with the lowest threshold for these effects were used. Such thresholds could be found in only three patients. In the other patient, somewhat odd behaviors were observed during stimulation (e.g., suddenly and totally out of context, the patient said, "I want French fries"). For that patient, the contact combination with the lowest threshold for such a response was used, and stimulation was performed at the threshold level for those effects.
Stimulation was always applied simultaneously and symmetrically in both capsules. In the stimulation-on condition during the crossover period, the stimulation parameters used were as follows: Patient 1 was stimulated with electrode settings of 0Ϫ1Ϫ2Ϫ3ϩ (with contact 0 being the contact at the tip of the electrode, Ϫ being the cathode, and ϩ being the anode); 210-s pulse width, 100-Hz frequency, and 5.5-V amplitude; Patient 2 was stimulated with electrode settings of 0ϩ1Ϫ2ϩ, 210 s, 100 Hz, and 9 V; Patient 3 was stimulated with electrode settings of 0Ϫ1Ϫ2Ϫ3Ϫstimulator ϩ, 210 s, 100 Hz, 4 V; and Patient 4 was stimulated with electrode settings of 1Ϫ2ϩ, 450 s, 100 Hz, and 10.5 V. After this crossover design phase was finished, all patients were in the continuous stimulation-on condition.
At 4 weeks before surgery, the patients' medication was tapered to a minimum and remained unchanged thereafter. In one patient, medication could be limited to a small dose of a benzodiazepine; in all five of the other patients, a continued dose of antidepressants was needed, and in four of these patients, augmentation with an antipsychotic drug was unavoidable. No behavioral therapy was administered throughout this period.
Standardized Psychiatric Evaluation
Psychiatric assessment was performed with the psychiatrist-rated Y-BOCS (8, 9, 21) , the Clinical Global Severity (CGS) scale (10) , Clinical Global Improvement (CGI) scale (10) , and the Beck Depression Inventory (4). Those tests were performed 2 weeks before surgery and at the end of each segment of the crossover design. All assessments also were performed several moments after finishing the crossover design. The Y-BOCS was the primary outcome measure, and the minimum significant difference was a stimulation-induced 35% decrease. The study protocol was approved by both local hospital ethical standards committees on human experimentation and was in accordance with the Declaration of Helsinki of 1975 (Rev. 1983 ). Patients provided their written and witnessed informed consent. We also followed the recently published guidelines on brain stimulation for psychiatric disorders (19) .
Neuroimaging Studies
T1-weighted MRI studies were obtained (Fig. 1) . In Patient 4, fMRI was performed 10 days postoperatively when the patient was in a resting state, and we used a 2 ϫ 3 factorial design with stimulation (on or off) and electrode side (left, right, and both) as factors. Stimulation and nonstimulation epochs were alternated every 60 seconds during the acquisition of a series of 140 scans. Four such series were acquired in a manner in which the order of conditions (i.e., no stimulation, stimulation with left, right, or both electrodes) was pseudorandomized. Gradient echo-echo planar imaging was performed with a 1.5-T imager (TR/TE, 3000/40 ms; field of view, 200 ϫ 200 mm 2 ; matrix, 64 ϫ 64; 32 transverse slices of 4-mm thickness). Statistical parametric map 99 was used for head motion correction, spatial normalization to a standard brain, and spatial smoothing (7) . The statistical data analysis was performed by modeling the different conditions as a box car function convolved with the hemodynamic response function in the context of the general linear model used by statistical parametric map 99. Global changes were adjusted by applying proportional scaling, and low-frequency confounding effects were removed with an appropriate high-pass filter. Specific effects were tested by applying appropriate linear contrasts to the parametric estimates for each condition. The resulting t statistic for each voxel constituted a statistical parametric map, with the significance threshold set at P Ͻ 0.05 corrected for multiple comparisons.
Three of the four patients, who completed the blinded crossover design (see the Results), underwent positron emission tomography within the month before surgery and again after 3 months of continued stimulation. After positioning the patient on the camera (Siemens HRϩ; Siemens Medical Systems, Inc., Erlangen, Germany), we obtained a transmission scan for attenuation correction. Afterward, 150 MBq [
18 F]2-fluoro-2-deoxy-d-glucose was injected intravenously into the patient, and a three-dimensional scan was obtained between 30 and 60 minutes after the injection.
RESULTS
The follow-up for the six patients who received bilateral electrode implants was 31, 26, 24, 21, 8, and 3 months, respectively. In the one patient in whom the Model 3487A electrodes were used, no beneficial effect was observed. This patient was not included in the crossover design phase, because a capsulotomy was performed early after the implantation of the electrodes. Another patient did not participate in the crossover design phase, because the patient was still in the postoperative screening phase. The four other patients, who participated in the crossover design, are referred to as Patients 1, 2, 3, and 4.
In Patient 1, electrical stimulation consumed so much energy, leading to battery replacement every 5 months, that despite some limited beneficial effects (Fig. 2) , the electrodes were removed after 15 months. In that patient, a classic bilateral anterior capsulotomy was then performed. The symptom ratings of the four patients who were included in the crossover design are summarized in Figure 2 . The Y-BOCS scores of these patients decreased during the blinded assessment, stimulator-on condition phase. In Patients 2, 3, and 4, all postoperative Y-BOCS scores during the stimulation-on condition were at least 35% lower than the preoperative scores; therefore, they were considered responders. Patient 1 was a nonresponder. Responders reported already substantial and clinically relevant reduction of obsessions and compulsions in the first week of stimulation, and their symptoms worsened during the course of a few days in the stimulation-off condition. The psychiatrist-rated Y-BOCS scores were lower in the stimulator-on condition (19.8 Ϯ 8.0) than in the postoperative stimulator-off condition (32.3 Ϯ 3.9), and this stimulationinduced beneficial effect was maintained for at least 21 months after surgery.
CGS scores decreased from 5 (severe; SD, 0) in the stimulation-off condition to a mean score of 3.3 (moderate to moderate-severe; SD, 0.96) for these four patients when the stimulator was on (Fig. 2B) . The CGI scores were unchanged in one patient and at least much improved in the other three in the stimulation-on condition (Fig. 2C) . During the stimulationoff phase, Y-BOCS and CGS scores approached baseline levels, and the CGI score was 3 (no change) in all four patients. Symptom-relieving effects of stimulation remained obvious 6 months after the start of the crossover design phase and 21 months after the implantation of the electrodes, both in the stimulation-on condition. These values are not yet available for Patient 4.
Although they were blinded for stimulation conditions, the psychiatrists and psychologists noted severe worsening of patient mood during the stimulation-off phase. When the electrodes were turned off, Patients 1, 2, and 3 reported suicidal thoughts, which they also had described at baseline. The research team decided that it was not ethical to let patients suffer in this way (as prospectively defined), so the stimulation-off period was abridged from the initially planned 3 months to 5 weeks (Patient 1) and 10 weeks (Patient 2), depending on the moment of severe worsening. Patient 3 refused to accept the dramatic return of obsessions and compulsions when the electrode was switched off, despite being unaware of the stimulation parameters. At the time Patient 3's electrode battery was exhausted, the patient's symptoms also returned with their former intensity but did not become worse than they were before surgery.
Under blinded conditions, Patient 1 scored high on the Beck Depression Inventory, regardless of whether stimulation was on or off. The Beck Depression Inventory scores for Patients 2, 3, and 4 were in the mean to low mean range under the stimulation-on condition but increased to very high for Patient 2 and to high for Patients 3 and 4 in the stimulation-off condition (mean score, 40 Ϯ 7.8) versus the stimulation-on condition (mean score, 23.3 Ϯ 13.1). Blinded evaluation of the only patient who is still in the immediate postoperative period clearly showed stimulationinduced acute general improvement. Long-term data are not available yet for this patient, however.
Because of the high amplitude (i.e., 4-10.5 V with impedance approximately 700 ⍀; pulse width, 210 s; frequency, 100 Hz) necessary to obtain clinically relevant effects, the stimulator batteries needed to be replaced every 5 to 12 months in all four patients. During some days, Patient 1 felt the leads and the stimulator and sometimes wanted to take the system out. Fatigue of several months' duration was a major complaint of Patient 3. However, Patient 3 preferred this state to the return of obsessivecompulsive symptoms. Patient 3 complained of worsening memory, but memory disturbances could not be documented before and 1 year after surgery. Patient 2 was treated for pyelonephritis, which, as far as we know, is unrelated to electrical stimulation. Patient 2 lost weight, and Patients 3 and 4 gained weight. Insomnia was not a complication of stimulation; to the contrary, patients could not continue sleeping while their stimulators were switched off at night. The patients did not exhibit mania. Recently, we observed some signs of cognitive and behavioral disinhibition in Patients 3 and 4 when stimulation was administered at high amplitudes (10.5 V), but this condition was immediately reversed when the stimulation amplitude was decreased. Worsening anxiety was not encountered during the chronic stimulation-on condition. It could sometimes be induced, however, during acute testing with certain stimulation parameters, but those effects were not always reproducible.
FIGURE 2. Bar graphs showing the effects of capsular stimulation on psychiatrist-rated Y-BOCS, CGS, and CGI scores. Y-BOCS (A) and CGS (B) scores of Patients 1, 2, 3, and 4 are shown at presurgical baseline (BASELINE), in the stimulator-on condition(ON), and in the stimulator-off condition (OFF) of the crossover design, after 6 months of continuous stimulation, after the end of the crossover design phase (CS), and the patients' most recent scores in the stimulator-on condition (RECENT) (i.e., after 24 months in the trial for Patient 2 and after 21 months in the trial for Patient 3
The electrical stimulation-induced activation was observed to be highest in a midline focus within the pons on fMRI studies (Fig. 3) . Near the electrode tip, stimulation-related activity was found in the left and right striata. Weaker activation was observed in the right frontal cortex, in the superior and middle temporal gyrus, and in the lateral occipital cortex bilaterally. Digital subtraction analysis performed with postoperative and preoperative positron computed tomographic scans showed a marked decrease in frontal metabolism after 3 months of stimulation (Fig. 4) .
DISCUSSION
These results show that bilateral electrical stimulation in the anterior limbs of the internal capsules may induce a significant decrease in OCD symptoms as evaluated by psychiatrists and patients who were blinded to treatment conditions. The patients' Y-BOCS scores returned to preoperative levels when the electrodes were turned off. The results measured with the other standardized measures (i.e., CGS, CGI) followed the evolution of the Y-BOCS scores. Not all patients responded favorably to the treatment, however, which is in accord with the results found after anterior capsulotomy (16) .
Patient 1 was a nonresponder. This patient was obsessed with hair growth but did not fulfill the Diagnostic and Statistical Manual of Mental Disorders: DSM-IV criteria for trichotillomania or body dysmorphic disorder. At baseline, a comorbid, undifferentiated somatoform disorder was diagnosed. The patient became irritated by the thought of having the electrodes in his head and by the implanted stimulator perceptible under the skin. It may be that a somatoform disorder has a negative impact on the outcome after deep brain stimulation in patients with OCD, but it is impossible to draw that conclusion on the basis of this one case. After our experience in this case, however, we have not included patients who also had some signs of somatoform disorder.
The patients and the evaluators were blinded throughout the study. Unblinding may have taken place, however, because the patients experienced the effects of stimulation immediately postoperatively. They may have come to understand the feeling that they had when the stimulators were switched on. When asked whether they were on or off stimulation, Patients 1 and 2 were not sure which condition they were in, and Patients 3 and 4 guessed their conditions correctly. We found a dose-response effect with stimulation, however, and because the effect persisted for at least 21 months, a mere placebo effect is unlikely.
The mechanism of how electrical stimulation induces the obtained effects is unknown. The electrodes were positioned in the white matter but also touched the gray matter (i.e., striae griseae of the internal capsule and the nucleus accumbens but also the caudate and the lentiform nucleus). Most of the effects obtained in deep brain stimulation are probably a consequence of direct gray matter stimulation. However, spinal cord stimulation in patients with chronic pain induces paresthesiae by the activation of white matter. It is not clear whether the obtained effects were a consequence of the activation or inhibition of either fibers or cell bodies. Further research on this topic is under way within The OCD-DBS Collaborative Group, which comprises clinicians and basic scientists who share their research findings at an early stage and have as their main goals improving the therapy discussed in this article and the understanding of its underlying mechanisms. Improvement of the therapy is necessary, especially with regard to the short life of the stimulator battery. The high amount of energy needed to achieve a beneficial effect may be a hindrance to the use of this technique. Research into this field may be directed toward the construction of batteries with longer lives; the use of implanted rechargeable batteries; optimization of the stimulation devices, especially the design of new electrodes; and a search for targets where similar effects are achieved with less energy. FMRI in one patient showed hyperactivity in striatum adjacent to the electrode, and therefore artifact was not excluded, as well as in the pons and several cortical foci. The activation within the pons and the right frontal cortex may be merely a result of stimulation of the frontopontine pathways. Changes in the site of electrical stimulation were clearly reflected by changes in the signals seen on fMRI studies, although it must be borne in mind that fMRI was performed in only one patient. Further study is essential to substantiate and eventually reproduce these findings.
Positron computed tomographic studies in patients with OCD symptoms have consistently shown increased [
18 F]2-fluoro-2-deoxy-d-glucose uptake in the prefrontal cortex (2). In our study, positron computed tomography revealed an important reduction in frontal metabolism after 3 months in the stimulation-on condition. Interestingly, Swedo et al. (22) also found significantly decreased bilateral orbitofrontal metabolic rates after administering fluoxetine therapy.
Electrical capsular stimulation in patients with OCD is attractive from an ethical standpoint because of its reversible and adjustable character. Furthermore, it allows investigators to perform randomized, blinded research, which was previously lacking in this field because of the irreversibility of brain lesioning. We conducted this research mindful that a lesioning (14) procedure could still be performed if stimulation was not successful.
FIGURE 4. Digital subtraction analysis was performed with [ 18 F]2-fluoro-2-deoxy-d-glucose positron computed tomographic (PET) images before electrode implantation and after 3 months in the stimulation-on condition for Patients 1 (upper), 2 (middle), and 3 (lower). The MRI scan and the preoperative and postoperative PET images were coregistered by using an automated algorithm
Our observations with blinded testing in five of the six patients showed at least some beneficial effects during electrical stimulation in the anterior limbs of the internal capsules. We have demonstrated these effects in the four patients in whom we performed follow-up of at least 21 months. Because the number of patients included in this study is low, any conclusions drawn should be interpreted with caution. In no way do we intend to argue for less stringent indications for neurosurgery in patients with mental disorders. As a reversible alternative to capsulotomy, electrical stimulation of the anterior limbs of the internal capsules may become a more acceptable last option for rigorously selected, treatmentrefractory patients with severe OCD. Malone, E. Montgomery (Cleveland Clinic, Cleveland, OH). We will limit our comments to the eight patients who underwent operations in Leuven, Belgium (B. Nuttin), and were evaluated in Antwerp, Belgium (L. Gabriëls, P. Cosyns). The results of psychopathological and neuropsychological evaluation in the first three patients have very recently been described (1).
ADDENDUM
In the search for a "better" target and with regard to the problem of the short battery life owing to the high current density necessary to obtain beneficial effects, we have in one patient compared effects obtained by electrical stimulation in the magnocellular part of the dorsomedial nucleus of the thalamus (DM) with effects from capsular stimulation. This nucleus is gray matter and a smaller structure than the internal capsule, but it still lies in the same circuitry that is relevant for OCD. Furthermore, lesioning procedures in this nucleus for treatment-refractory OCD have been performed in the past (3).
Comparison of Electrical Stimulation in IC versus DM in Patient 5
One electrode (DBS 3389-28; Medtronic, Inc., Minneapolis, MN) was implanted in each DM and one (Model 3487A Pisces Quad; Medtronic, Inc.) in each IC. The ethics review board accepted this approach, because the two electrodes in the ICs were implanted as in all other patients, and the electrodes in the DMs increased the chance of inducing similar beneficial effects at lower current density in this particular patient. Furthermore, the treatment is considered reversible.
This patient, who thus received four electrodes, was extensively tested with external stimulators in the postoperative period. Initial tests indicated small but definite changes in mood with four contact combinations; these mood changes were reported by the patient and seen by the observer, both of whom were blinded to stimulation conditions (IC 0Ϫ1Ϫ2Ϫ3ϩ; IC 0ϪCaseϩ; DM 0ϩ3Ϫ; DM 0ϪCaseϩ). The patient was always stimulated bilaterally in either the ICs or the DMs. These conditions were then compared to the stimulation-off condition in a gradual exposure experiment lasting 15 minutes. Each combination was tested twice in randomized order.
Patient 5 had strong contamination fears. Exposure to a contaminated cloth with both evaluator and patient blinded to the stimulation condition yielded a small but consistent decrease in obsessive thoughts in both IC conditions but not with the DM stimulation. After each session, she was allowed to engage in compulsive rituals. The urge to perform compulsive rituals did not change. The overall psychopathology rating was 24 and 35% lower on the Brief Psychiatric Rating Scale in the IC stimulation, but not in the DM stimulation, compared to the stimulation-off condition (2) . Word production assessed with a verbal fluency task increased by more than 50% in both IC conditions but decreased by more than 20% in both DM conditions. Short-and long-term verbal memory improved with IC stimulation but decreased with DM stimulation. After ample testing, the team decided to connect the IC electrodes with the implanted stimulators. In conclusion, DM did not seem a good target for Patient 5. However, as shown in Figure  5A , Patient 5 is also considered a nonresponder with longerterm IC stimulation.
Double-blind Random Crossover Test in 6 Patients
The results for Patients 1 to 4, tested in a double-blind random crossover design, are presented in the main text of this article. Patients 5 and 6 have now finished their crossover using the same research design (stimulation-on compared with stimulation-off), as shown in Figure 5 , A and B. The inclusion criteria and the whole research protocol are unaltered from those described in the text. The time of follow-up after implantation of the electrodes is between 1 and 60 months.
Patient 6 experienced a tremendous improvement in his aggressive, intrusive obsessive thoughts when stimulation was turned on. In acute postoperative tests with gradual exposure, he indicated a more than 50% decrease in obsessive thoughts and compulsive checking with bilateral 0Ϫ1ϩ as well as with 0Ϫ1Ϫ2Ϫ3ϩ (7 V, impedances around 700 ⍀, 200 s, 100 Hz) stimulation. His mood improved dramatically from severely depressed before surgery (Beck Depression Inventory, BDI 38) to normal (BDI 3). He agreed to participate in the double-blind randomized crossover trial. One week after the crossover to blinded stimulation-off condition, his obsessions returned with the former intensity. He became very depressed (BDI 42) and suicidal. He could not cope with the situation any longer. The cognitive escapes and safeguards that gave him at least some relief before surgery were not working any longer. In view of his critical clinical condition, the research team, who was blinded to the stimulation condition, decided to abort this condition, which turned out to be the off condition.
Anecdotal Report in Patients 7 and 8
Patients 7 and 8 have received their implants very recently (follow-up, 1 mo), and it is too early to report on stable results. Patient 7 had extreme OCD symptoms of order and symmetry. Symptoms were limited to her own home and personal belongings. With unilateral stimulation (0Ϫ1ϩ, left or right) she experienced reproducibly a contralateral contraction of the muscles in her cheek, leading to a unilateral smile (Fig. 6) . At the same time, she felt cheerful, as if someone had told her a good joke. The muscle contraction was transient, but the jolly feeling persisted after the unilateral smile had disappeared. She also experienced a transient slightly burning smell, sometimes prominent in a unilateral nostril, sometimes bilateral. She described a transient "pressure" in her throat together with a transient epigastric sensation. With higher amplitudes, she felt very warm and flushing appeared. Bilateral stimulation with the deepest contacts induced a pleasant and happy feeling, but a bilateral muscle contraction in the cheeks was not reproducibly evoked. She felt energetic and active when stimulated and sad when stimulation was switched off. Post- operative exposure sessions were done at home. Unilateral stimulation (right) yielded a more than 35% decrease in obsessive thoughts and more than 45% decrease in ordering compulsions compared to off in acute tests both with 0Ϫ1ϩ and 0Ϫ1Ϫ2Ϫ3ϩ (4 V, 200 s, 100 Hz). Before we performed surgery in Patient 7, Drs. A. Rezai and D. Malone had reported to us a stimulation-induced smile in one of their patients on whom they had operated, using the same technique.
Patient 8 had no contamination fears but felt an immense disgust when confronted with fatty and oily substances (among other symptoms). He was stimulated while still in the recovery room. He was blinded to stimulation condition. He was shown a small glass container with butter and asked for a Sudden Units of Distress Score (SUDS) (4) on a level of 0 (ϭ totally relaxed, no stress) to 10 (ϭ maximally distressed, cannot bear it any longer). Just showing the closed container produced a SUDS level of 8. Right-sided stimulation (0Ϫ1ϩ, 3 V, 210 s, 100 Hz) caused a happy feeling, although he could not state a reason for it. The butter container was presented again with a SUDS level of 2. He opened the container on demand, dipped his finger in the butter, tasted it, and said "Mmmm, delicious" (SUDS ϭ 5). The evaluator took the container, made it greasy in front of the patient, and presented it again. He accepted it and could postpone the urge to wash his hands. He agreed to shake hands with the evaluator, who had rubbed his hands with butter in front of the patient's eyes (SUDS ϭ 3). When stimulation was switched off, the patient remarked that it was a very dirty and disgusting experience and asked for help in washing his hands. Restarting stimulation caused him to laugh with the funny evaluator who rubbed his hands in butter.
At this moment, our team has the impression that the provocation of a smell, a laugh, a happy feeling, a relief of anxiety, a feeling of warmth, flushing, and a beneficial effect on gradual exposure sessions are candidates to be predictors of good outcome in the long run. Further study is necessary. There is no question that there are a significant number of patients with refractory psychiatric conditions, including those with obsessive-compulsive disorder (OCD), a condition in which many cases are resistant to conventional treatment. The OCD group is a good group to study, because the end point for determining the efficacy of treatment is as clear-cut as the presence or absence of obsessivecompulsive ideation and behavior. Chronic deep brain stimulation (DBS), which the authors used in six patients with OCD, has a significant advantage over conventional ablative surgical techniques used in the past. DBS is inherently dynamic. Stimulation parameters and electrode combinations can be adjusted and changed in vivo. DBS is also reversible, as we have found with its applications in the treatment of patients with pain and movement disorders. This reversibility is particularly attractive in scientific investigations of psychiatric surgical efficacy, because it allows clinical investigators to come as close as ethically possible to the "holy grail" for psychiatric neurosurgical studies: the prospective, doubleblinded study.
The present study includes three important findings. First, psychiatric neurosurgical procedures in which DBS and modern image-guided stereotactic techniques are used can be performed safely. Such demonstrations of safety are important to calm the public's and professionals' fears with regard to surgical interventions for psychiatric disease and to open the door for other investigations in academic medical centers. Second, the authors have shown that a DBS system can also be efficacious in altering medically refractory symptoms. Although the results reported are somewhat mixed, positive effects on OCD symptoms result from electrically stimulating the anterior limb of the internal capsule, which is the site of the most effective neuroablative target in patients with OCD. Third, the authors provide a model by which the reversibility of DBS can be exploited to randomize, in a double-blinded fashion, psychiatric patients who undergo surgical treatment of their disease. This precedent may prove to be of great benefit to future investigators.
The authors used such a wide voltage range and such wide electrode spacing (as in the electrodes normally used for spinal cord stimulation) that it is unclear what exactly is being stimulated and which target may be the optimal site for stimulation in patients with OCD. For example, volume stimulation of the anterior limb of the internal capsule may also stimulate (or inhibit by depolarization block) the nucleus accumbens or the anterior striatum, which are in close proximity to the internal capsule. This possibility leads to a much larger and more basic question: given the expense of DBS equipment and its maintenance as well as the high levels of stimulation required for a beneficial effect (and the inherent need for more frequent battery replacement) to be realized, perhaps a gray matter target might be more feasible for DBS intervention, taking into account the present state of technology. The authors have demonstrated functional changes in the orbitofrontal cortex and the pons with the application of effective stimulation. Perhaps these areas or basal ganglia or thalamic targets may prove to be more effective, more efficient targets.
Brian Kopell Patrick J. Kelly New York, New York F or the past 4 decades, psychiatric neurosurgery has been performed routinely by only a few institutions around the world. This situation has helped to establish rigorous case selection criteria and to prevent the abuse of such surgical techniques, because patients were referred to the teams that performed psychiatric neurosurgery by psychiatrists, the vast majority of whom considered psychiatric neurosurgery to be outmoded (2) . It is true that modern drug therapy has helped the majority of psychiatric patients to remain outside of mental institutions. However, these institutions still host many patients who, despite being treated by experienced and fully equipped medical teams, remain hopeless, with consequent personal, familial, and social implications. The innovations presented in this article involving the use of DBS instead of lesioning of the anterior branch of the internal capsule to treat patients with OCD seem to solve one of the main taboos in performing psychiatric neurosurgery: the ethical considerations involved in "changing the individual." Indeed, the main achievement of this study is that it shows that therapeutic and side effects are totally reversed when the current
